Abstract. Effect of addition of theobroma cacao peels extract (TCPE), a new proposed green inhibitor, on tensile and hardness properties, and related microstructure of mild steel exposed in solution of 1.5M HCl was investigated in order to know the contribution of this kind of inhibitor in controlling mechanical properties, in addition to reducing corrosion attack. Corrosion behaviors including inhibition mechanism and adsorption process during exposure were then discussed. Corrosion rate and inhibitory efficiency of mild steel samples containing 0.3%C were determined using weight loss method. The samples were exposed in the acid solution with and without addition of 0.5-2.5% the TCPE. Tensile and hardness tests were subsequently performed on the samples to determine the change of mechanical properties of the metal prior and after addition of the extracts. Sample surface morphologies and chemical composition as well were observed by a scanning electron microscopy equipped with energy dispersive X-ray spectroscopy (SEM-EDX). The results show that the strength, hardness and elongation of mild steel drop significantly due to heavy damage in the surface after immersion in the HCl solution for 32 days. However, these mechanical properties gradually increase with increasing concentration of the extract following the increase of surface coverage and inhibition efficiency. The increase of the tensile properties and hardness is due mainly to the ability of the inhibitor to cover mild steel surface through formation of metal-organo complexes protection layer in the surface of the mild steel. Although total carbon level in the surface of the mild steel also increases significantly, there is no any proof of carbon difussion into the mild steel. The addition of polar extract of theobroma cacao peels into a solution of 1.5 M HCl is, therefore, not only effective to minimize the degradation on the mild steel surface, but it also diminishes the mechanical properties reduction of the mild steel.
Introduction
It is well-known that mild steel has been widely used in many applications due to its excellent formability and weldability, high strength, and, the important one, relatively inexpensive. However, mild steel is one type of metal that can be easily damaged by corrosion. Corrosion of mild steel would change the mechanical properties including strength, hardness and ductility [1] . Thus, corrosion control is highly required to reduce the corrosion rate. There are several ways to minimize the corrosion rate such as plating, anodic and cathodic protection or by the addition of inhibitors [2] . Among them, addition of corrosion inhibitors is one of the most efficient and economical method, especially in aggressive media environment. Corrosion inhibitor, even in small amounts, will efficiently reduce the corrosion rate of the mild steel by forming a protective layer or passive layer in the steel surface [3] .
General corrosion inhibitors are an-organic compounds containing atoms N, P, O, or S fabricated in the chemical plants [4] . However, corrosion inhibitor that is extracted from organic materials has been recently preferred due to its environmental friendly substances, and then classified as a green corrosion inhibitor. Green inhibitors can be taken from many plants such as stem bark extracts, fruit peel, leaves and seeds such as musa acuminata fruit peels [5] , piper nigrum [6] , rosemary flowers [7] , cacao [8] and rossele extract [9] . Corrosion behavior of mild steel under such kind green inhibitor is then well understood. As for general inhibitors, addition of green extract also promotes formation of protective layer in the steel surface, and then increases corrosion resistance and mechanical properties [10] . However, in some particular case, the presence of other substance such as carbohydrate and lipid in the extract could influence corrosion behavior. The high content of oxygen in these substances leads to increase oxidation reaction, and then increase corrosion rate. The presence of cyanogenic glucosides which can be hydrolyzed to hydrocyanida acid during fermentation in cassava extract may also increases corrosion rate of steel [8] . The presence of oxalate aggressive constituents and hydrocyanic acid in the sediment of cacao and cassava extracts will accelerate the corrosion rate of SCC in steel where medium carbon steel is more susceptible to SCC as compared to low carbon steel. The mechanical properties of medium carbon steel is then easier to embrittle than those of low carbon steel with hardening process [8] .
Previous work [11] shows that TCPE is highly potential to be used as a new inhibitor due to its high inhibitor efficiency as a result of high amount of tannin content. Since there is a negative effect of inhibitor on mechanical properties of mild steel as mentioned above, it is necessary to investigate the effect of TCPE, as a new green inhibitor, on mechanical properties of the mild steel. So, the main purpose this work is to investigate the real contribution of TCPE on mechanical properties and microstructure of mild steel exposed in corrosive environment. Such kind of inhibitor is expected not only to hinder physical properties degradation, but also to avoid mechanical properties reduction during corrosion process.
Experimental Procedures
Inhibitor Preparation. Some amount of cocoa peels was taken from the cocoa plant in Pariaman, West Sumatera. The peels was cleaned of impurities, then chopped into small pieces and dried in the open air for 14 days. Dry peels were then ground up into powder. Around 200 g of Cocoa powder was put in maserator, then added 70% methanol in 1 L. This mixture was then stirred and left in maserator for 5 days. After 5 days of maceration, the results were filtered by using filter paper, and then the filtrate was put in a rotary vacuum evaporator of Heidolph WB 2000 at temperature of 54-55 o C for 1 hour. Extracts were obtained by fractionation performed successively with hexane and ethyl acetate solvent. Polar extracts obtained put in a bottle that will be used for the inhibitor. Testing Material Preparation. The sample used in this study was commercial plain carbon steel plate using for general construction with carbon content around 0.3%. This is confirmed by optical micrograph, where the microstructure of the sample contains around 1/3 volume fraction of Pearlite (P) and remains Ferrite (α). Some specimens were cut from the plate using conventional cutting machine to form tensile test specimen. Round type tensile test specimens with 8 mm in diameter and 75 mm gauge length were prepared in accordance with ASTM 8E. The specimens were gradually grounded using emery papers with size #80 to #1500 followed by buff-poleshing to obtain a mirror surfaces. Some specimens were directly tensile tested to obtain tensile properties of as-recieved materials. While, some other specimens were immersed in a medium of 1.5M HCl without and with polar extract of cacao peels for 768h (32 days). The contents of the extract in this study is 0.5%, 1.0%, 1.5%, 2.0 % and 2.5%vol in l000 ml vol of 1.5M HCl. Corrosion Test. Corrosion test used in this study was weight loss method as an ordinary method to investigate corrosion rate of iron and steels. This method can be applied directly to the tensile test specimens prior to tensile testing. The weight of each polished specimens was measured to determine the initial mass. After immersion in the solution for 32 days with variation of inhibitor concentration of 0.5%, 1.0%, 1.5%, 2.0 % and 2.5%, the samples were then soft-brush with distilled water to remove any dirties. They were rinsed with aceton, then dried at ambient condition, and finally weighed again as the final mass. Corrosion rate, the inhibition efficiency (IE) and the surface coverage (Ѳ) is then calculated using the related formula [11] .
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Mechanical Testing. The tensile specimens were directly tested using a Universal Testing Machine type RAT-30P CAP 30 tf at cross-head speed of 5 mm/s in room temperature. Hardness test was also conducted on the samples using Rockwell Hardness Tester TH 550 at 980N for 15s. The hardness test was conducted in grip section prior to tensile test. This is not only to measure the hardness the samples, but also to predict the ultimate strenghth of the samples using the strength-hardness correlation. Some important tensile properties such as ultimate tensile strength, yield strength and elongation of each samples were then determined from the load-displacement of each curves. Microstructure and Surface Morphology. Microstructure of the samples and surface morphology of the samples were observed by optical micrograph. Specimen surface was also examined by SEM to determine in detail the change of surface condition prior to and after corrosion process.
Results and Discussion
Corrosion Properties. The results of the corrosion test that are weight loss and surface coverage area (Ѳ) as a function of inhibitor concentration is shown in Fig.1 . It can be seen that the weight loss decreases significantly with the increase of inhibitor concentration. On the contrary, the surface coverage area increases significantly with the increase of extract concentration. As the increase of the weight loss, the corrosion rate, therefore, decreases significantly with the increase of inhibitor concentration. While, the inhibition efficiency increases significantly with the increases of inhibitor concentration as reported previously [11] . This is due mainly to increasing of surface coverage of the inhibition as the increase of extract content in the solution. The addition of extract provides protection layer in the surface, and the protection surface reach almost 100% of surface area for extract concentration of 2.5%. It is observed that the protective surface layer contains oxygen and other functional groups, as also observed by other researcher [12] . This is also consistent with the protection mechanisms that occur in the case using other natural ingredients [13] where the compound contains an atom that has a lone pair. This atom acts as electron donors tand then produce metal-complex coumpound with iron. These complexes are stable, it not easily oxidized and will envelop the iron surface, so that corrosion can be inhibited [14] . Mechanical Properties. The hardness of the sample as a function of inhibitor concentration is shown in Table 1 . It can be seen that the hardness of as-received material is around 90 HRB with narrow range of hardness distribution (±2.51 HRB). The hardness drops significantly almost 30% after corrosion process without adding inhibitor. Beside, the hardness distribution becomes wider (14.85 BHN). This indicates that the corrosion product is not distributed homogenously in the surface. Wide distribution of the hardness is also obtained in the all specimen with addition of TCPE extract indicating that the coating layer is less homogeneous especially in the case of low extract concentration (0.5 and 1%). However, the hardness increases gradually with the increase of extract content. The hardness distribution also tends to be narrower with increasing extract concentration indicating a relatively homogeneous coating layer is obtained in the case of 1.5% up to 2.5% extract content. 
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The increase of the hardness is strongly suggested related to the increase of coverage area in the surface. The extract is adsorbed on the surface of mild steel and chemically to form a thin film that is difficult to be damaged. As for hardness, ultimate strength also shows the same tendency where the ultimate strength increases gradually with the increase of extract concentration.
Tensile properties of the sample as a function of inhibitor concentration are shown in Fig. 2 . It can be seen that the tensile strength of as-received material is around 700 MPa. As for hardness, the strength also drops significantly to be around 500 MPa after corrosion process in 1.5M HCl without adding inhibitor. The strength then increases gradually with the increase of extract content. The same tendency is also found in the elongation property. This is relatively unique because of in the general phenomenon; the increase of the strength will follow with the the decrease of ductility. A further investigation is necessary to observe why such rare phenomenon appeared in this case. Surface Morphology. Optical micrograph of the mild steel specimens without and with addition extract is shown in Fig. 3. Figure 3a shows that the specimen surface looks clear and smooth prior to immersion. The surface of mild steel has then corroded uniformly after immersion in the 1.5M HCl (Fig. 3b) . It can be seen that the rust is coverage the surface. The rust is gradually disappears from the surface after adding inhibitors of the cocoa peels extract (Fig. 3c to 3g ). This micrograph clearly showed that the surface damage due to corrosion becomes decreases significantly with increasing of TCPE inhibitor. It is needed around 2.5%v of TCPE to cover the entire surface. This indicates that the inhibitor is able to form a surface layer which can block the attack of such aggressive acid, as also observed by other researcher [12] . However, the layer is not observed clearly in optical micrographs. SEM micrograph of the some sample surfaces is shown in Figure 4 . A relatively smooth surface of polished sample prior to immersion can be seen in Figure 4a . The surface of the specimens after immersion in the TCPE inhibitor only shows a thin surface layer covering the entire surface of mild steel (Fig. 4b) . The morphology of the steel surface after 32 days immersion in a solution of corrosive hydrochloric acid 1.5 M with and without the addition of the cocoa peels extract is shown in Figure 4c and 4d. Heavy damaged is found in the surface of mild steel due to heavy corrosion attack of the acid (Fig. 4c) . It can be seen clearly that there is surface crack in the rust layer, and it becomes Applied Mechanics and Materials Vol. 776initial crack and stress concentration sites. This surface condition is not only strongly related to the loss of elongation (embrittlement), but also responsible to the decrease of the strength and hardness of the steel. The presence of TCPE inhibitor is able to diminish corrosion attack so that the rust is disappeared from the surface (Fig. 4d) . It means the addition of 2.5%TCPE inhibitor within the acid is able to resist corrosion rate, by forming a full barrier on the surface of mild steel.
Chemical Composition of the Surface. The average of 3-5 measurements of elemental composition following with deviation is tabulated in Table 2 . It can be seen that content of carbon detected in the mild steel surface (7.91±3.76%) is much higher than the real carbon content in the samples (0.3%). This indicates that there is an effect of carbon tapes use as specimen holder. However, the relative value of each elemental composition still can be used to observe the elemental tendency in all specimens. The content of C increases significantly in the surface with addition of TCPE inhibitor that is from 7.91% to 24.55%. This proves that the C atoms of the molecule cocoa peel extract adsorbed on the steel surface to form a passive layer on the surface of mild steel. While, the percentage of elemental Fe atoms decreases in the presence of polar extract of cocoa peels, from 91.43% to 29.84%. This suggests that the Fe forms complex compound with polar extract molecule of cocoa peels so that the percentage of detected Fe atoms into smaller. Element of O is not detected in the polished surface, but it is detected clearly in the sample after immersion in HCl without and with inhibitor. The dramatic increase of O in the sample with only 1.5M HCl corrosive media indicates that oxide is formed quickly due to the attack of corrosive ion of HCl. But with addition of TCPE inhibitor such attack can be prevented by forming a passive layer. The passive layer of the organo-metallic complexes on the surface of mild steel decreases corrosion rate of the steel, and low content of O is a clear indication of less oxides formed on the surface. Relationship between Mechanical Properties and Surface Coverage. The mechanism of adsorption that occurs on the surface of mild steel is suggested starting from the exchange of water molecules attached to the surface of mild steel with heteropolar groups that exist in the polar extract of cocoa peels. The amount of adsorption formed on the surface is affected by the number of interactions that occur and the concentration of inhibitor. Fig. 1 shows the increase in the concentration of the extract is followed by an increase in the surface coverage. In other word, the increase of the TCPE concentration in the solution increases the coating surface area. The coating layer consists of metal-complex compound that is relatively difficult to damage, leads to increase the hardness of mild steel surface. This explains why the hardness of the sample increases proportionally with the increase of inhibitor concentration ( Table 1 ). The hardness increses linearly with the increase of surface coverage. This is due to the reduction of corrosion area as indicated by the surface appearance in Fig. 3 where the corrosion area becomes smaller with the increase of inhibitor concentration.
In order to show the adsorption type of the inhibition process, the data of surface coverage (Ѳ) is plotted against log concentration of inhibitor (C) as can be seen in Fig. 5 . It can be seen that the increase of this curve gives a linear relationship between extract concentration/surface coverage (C/ Ѳ) and extract concentration (C) with a correlation coefficient 0.9531. This indicates that the adsorption occurs is obeying truly of Langmuir Adsorption Isotherm.
It is found that all observed mechanical properties (hardness, strength, and elongation) increases gradually with increasing extract concentration (Table 1 and Fig.2 ). This clearly indicates
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Recent Decisions in Technologies for Sustainable Development that the formation of the protection layer in the surface of sample is not only to reduce surface degradation due to the corrosion process, but also avoid the mechanical properties reduction. The reduction of mechanical properties becomes smaller when the amount of the TCPE inhibitor increases. However, the existence of the protection layer is not enough to fully recover the mechanical properties. All observed mechanical properties including in the case of the highest inhibition efficiency (2.5%TCPE), the value of strength, hardness and elongation of mild steel is still lower than those of initial ones (pre-corrosion samples).
Fig. 5. Langmuir Adsorption Isotherm
The increase of carbon content is observed in the surface of mild steel with higher content of TCPE inhibitor. However, this carbon is only formed in the protection layer. The high carbon in the surface cannot be diffused to metal surface for increasing carbon content of the sample and then increases the hardness of the surface. This indicates that Carbon in the surface is in the form of molecules or compound as reported previously [11] , and it cannot be interstitial diffused to Fe atom structure.
Summary
The effect of polar extract of cocoa peels inhibitor on mechanical properties of mild steel exposed in 1.5M HCl was investigated in order to know the ability of such new green inhibitor to protect corrosion attack and also to keep the mechanical properties of mild steel. Corrosion properties, that is weight loss and then corrosion rate decreases significantly with the increase of inhibitor concentration. As a consequence, the surface coverage and inhibition efficiency increases significantly with increasing extract concentration. This is due to the presence of protection layer consisting of metal-organo complex compound in the surface in the surface of mild steels.The extent of the surface coverage in the mild steel surface is strongly influenced by the surface adsorption occurs on the surface. Adsorption is formed due to the interaction between the donor atoms of the extract with the mild steel surface. Adsorption occurs following the Langmuir adsorption isotherm. The mechanical properties (hardness, strength, and elongation) increases gradually with increasing extract concentration due to the increase of the protection layer in the sample surface. This indicates that the protection layer is not only to reduce surface degradation, but also to avoid the mechanical properties reduction. However, the existence of the protection layer is not enough to fully recover the mechanical properties.
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